Abstract Today's challenge for space weather research is to quantitatively predict the dynamics of the magnetosphere from measured solar wind and interplanetary magnetic field (IMF) conditions. ::: Do ::: you ::::: mean : A cCorrelative studies between the Ggeomagnetic Sstorms (GMSs) and the various interplanetary (IP) field/plasma parameters have been performed to search for the causes of geomagnetic activity and developing models for predictioning of the occurrence of GMSs, which are important for space weather predictions. In the present paper weWe foundfind a possible co-relation ofbetween geomagnetic stormGMSs withand solar wind and IMF parameters in three different situations and also derived the linear relation equation for all parameters in three situations. : ? On the basis of the present statistical study, we developed an empirical model. With the help of this model, we can predict all categories of geomagnetic stormGMSs. ::: Do ::: you ::::: mean This model is based on the following fact. T: the total interplanetary magnetic fieldIMF B total can be used asto trigger an alarm offor geomagnetic stormGMSs, when sudden changes in total magnetic field B total occur., itThis is athe first alarm on condition for a storm's arrival. It is observed in the present study that the southward B z -component of the IMF is an important factor for describing geomagnetic stormGMSs. And it is theA result of the paper is that the magnitude of B z is maximum neither during the initial phase (at the instant of the IP shock) nor during the main phase (at the instant of Disturbance storm time (Dst) minimum). : ? So iIt is seen in this study that there is a time delay between the maximum value of southward B z and the Dst minimum, and this time delay can be used in the prediction of the intensity of a magnetic storm two-three hours before ofthe main phase of a geomagnetic stormGMS. :: Do :::: you ::::: mean : A linear relation havehas been derived between the maximum value of the southward component of B z and the Dst, which for prediction is Dst = (−0.06) + (7.65)B z + t. Some auxiliary conditions should be fulfilled with this, for example the speed of the solar wind should, on average, be on average 350 km s −1 to 750 km s −1 , plasma betaβ should be low and, most importantly, plasma temperature should be low for intense storms.
INTRODUCTION
:: Do :::: you ::::: mean : As is well known, that the geo-magnetic storms (GMSs) generally occurred due to abnormal conditions in the interplanetary magnetic field (IMF) and emissions from solar wind plasma emissions caused by various solar phenomenon (Akasofu 1983; Joselyn & McIntosh 1981) , like coronal mass ejections (CMEs) and solar flares. : ? The study of these worldwide disturbances ofassociated with Earth's magnetic field are important infor understanding the dynamics of the solar-terrestrial environment, because such storms can be the cause of life threatening power outrages, satellite damage, communication failures and navigational problems (Joselyn & McIntosh 1981; Lakhina 1994; Gonzalez et al. 1994) . To explain the dynamics of GMSs in terms of enhanced solar wind magnetospheric coupling processes, various researchers have come out withproposed a number of suggestions. :: Do :::: you ::::: mean Dungey (1961) have suggested that the magnetic reconnection occurs atin the daytime magnetopause between the Earth's magnetic field and the southward component of the interplanetary magnetic field (IMF), a. After reconnection, when the field lines are swept back in the magnetosphere tail, a neutral point is formed through which the charged particles get angain entry into the magnetosphere. you ::::: agree :::: with :::: this. High-energy particles rush towards the eEarth but are deflected into circular orbits around the Earth forming a ring current, which causes considerable reductions in the geomagnetic field reductionsstrength. : ? These reductions in the Earth's magnetic field strength are measured by the Disturbance storm time (Dst) index. ::: Do ::: you ::::: mean : Low-energy particles spiral around the stretched geomagnetic field lines and interruptcollide with the terrestrial atmosphere in the polar region, causing enhanced aurora. : ? Dst, Kp, Ap and AE indices are the four most commonly used geomagnetic activity indices. In the present paper, we have used the Dst index. :: Do :::: you ::::: mean : The geomagneticspheric environment is highlystrongly affected by the Sun and its activities such as solar flares, active prominences, coronal mass ejections (CMEs), Co-rotating interaction regions (CIR), andthe solar wind stream from coronal holes, etc., which are responsible for geomagnetic storms (GMSs) . : ? In terms of time sequence, geomagnetic stormGMSs can be described inas having three phases: the initial, the main and the recovery phases. The initial phase may be gradual or be represented by a sudden change in the Dst index (the Dst index increases to a positive value) called a sudden commencement. :: Do :::: you :::: mean : The main phase of a storm is said to begin when the Dst index starts decreasing from its sudden commencement value and, after some time, it assumes a negative value and ends when it reachesdecreases to its minimum decreasevalue. : ? The recovery phase, usually the longest one, is characterized by thea returning of the Dst index to its pre-sudden-commencement value. ::: Do ::: you ::::: mean : During thea GMS, the solar wind and CMEs, the solar wind and CMEs coming from the Sun and the Earth's magnetosphere are connected, giving rise to several changes in both in the interplanetary (IP) and terrestrial environment (Gonzalez et al. 1999) . : ? In general, the solar wind's ability to penetrate into near-Earth space is thought to rely on the magnetic alignment of the interplanetary magnetic fields, often shortened to IMFs. as :::::::::::: "interplanetary :::::::: magnetic :::::: field". As the solar wind streams from the sSun toward the day side of Earth, its magnetic fields connect up to those of Earth, resulting in a sudden and dramatic reconfiguration or reconnection of the field lines. According to earlier findings, this is most efficient when the IMF is aligned southward -opposite to the northward alignment of Earth's magnetic field. The temporary tangling of the field lines creates ideal conditions for magnetic reconnection, allowing large amounts of plasma and magnetic energy to be transferred from the solar wind to the magnetosphere. 
SELECTION CRITERIA AND DATA COLLECTION
The dDisturbances in the geomagnetic field are caused by fluctuations in the solar wind impinging on the eEarth. These disturbances may be limited to the high-latitude polar region, unless the interplanetary magnetic field (IMF) carried by the solar wind has long periods (several hours or more) of a southward component (B z < 0) with large magnitudes (Joselyn & McIntosh 1981; Lakhina 1994; Gonzalez et al. 1994) . The occurrence of such a period continuously stresses the magnetosphere continuously, causing the magnetic field disturbance to reach the equatorial region. The degree of the equatorial magnetic field deviation is usually given by the Dst index (disturbance storm time) (Sugiura 1964) . This is the hourly average of the deviation offrom the H (horizontal) (H) component of the magnetic field measured by several ground stations in mid to low-latitudes. ::: Do ::: you ::::: mean Dst = 0 means no deviation from the quiet condition, and Dst ≤ −50 nT means magnetic storms are occurring (Lakhina 1994; Gonzalez et al. 1994) . : ?
::: Do :::: you ::::: mean A list of magnetic storms, based on the Dst indices, has been compiled for the present study by using data which provided by the World Data Center for Geomagnetism, Kyoto, Japan through its world wide website (http/:wdc.kugi.kyoto-u.ac.jp/dstdir) and. The IMF and solar wind parameters are taken from the omni OMNIweb database source, maintained by the National Geophysical Data Center (NGDC) (www.omniweb.gsfc.nasa.gov), is beingand compiled for this study for the period 1996-2007, the study. The period under study refers to the solar cycle-23. In the present study, has been taken a set of 200 GMSs with Dst ≤ −50 nT has been acquired, whichand is shown in Table 1 . : ? ? In the present work, all the parameters of solar wind are divided into three categories of data sets according to the phase of geomagnetic stormGMSs. A and according to the interaction of IMF with the eEarth's magnetic field at different instants: (1) G1, taking IMF data at the instant of the IP shock or during the initial phase of the geomagnetic stormGMS. (2) G2, during the main phase of the storm or at the instant of Dst minimum. (3) ? CThe correlation coefficients hashave been calculated for all the given parameters with Dst, which are shown in Table 2 . ? (2) G2, during the main phase of the storm or at the instant of Dst minimum. (3) G3, the maximum value (peak) of B total during the storm. Figure 1 (a-c) shows the Dst and the corresponding value of interplanetary magnetic fieldIMF B total in three situations. Figure 1 Figure 1(c) presentsshows the interplanetary magnetic fieldIMF (maximum peak of B total ) versus the Dst minimum. In this figure, a linear correlation between B total and the Dst can be seen in the G3 case, i.e., the strength of the geomagnetic stormGMS strongly depends on the total magnetic field B total . The correlation coefficient has beenis found to be reasonably high; as is shown in Table 2 , it is -0.80. When solar wind flows within the interplanetary medium, it can interact with IMF structures and is controlled by the total magnetic field B total . In the present study, it is observed that the B total is reasonably high during the geomagnetic stormGMSs in all three cases; w. We found a linear relation between B total and Dst. Therefore, B total is a good indicator of geomagnetic stormGMSs. For prediction, we derived a linear relation between the maximum value of B total and the Dst, is given asby Dst = (−0.016) + (−5.39)B total.
B z (z-component of IMF (B z ) vs. Dst
The solar wind carries with it the magnetic field of the sSun ofwith an intensity ∼ 5 nT. This magnetic field or IMF has a northward or southward orientation. If the IMF is directed southward, B z is negative and the pressure is raised (due to coronal mass ejections or solar flares), then a geomagnetic stormGMS can be expected. It is generally consideredbelieved that the geomagnetic stormGMSs are triggered by B z , which are southward interplanetary magnetic fieldsIMFs. It has been verified by Mansilla (2008) , that geomagnetic stormGMS intensity is correlateds well with the southward From the above discussion, we adopted thea new approach offor study, which has been described in the previous section. It has been taken from the statistical analysis for three different instants during the storm in the present study. Figure 2 (a-c) shows the Dst and the corresponding value of the z-component of the IMFinterplanetary magnetic field, B z for all the three situations: (i) at the time of IP shock when the total magnetic field of the IMF suddenly changes suddenly, (ii) at the instant of the Dst minimum, and (iii) the maximum value of southward directed B z for all 200 events during geomagnetic stormGMSs.
Here first, we discuss the first two conditions G1 and G2, t. The first one is when the solar wind interacts with eEarth's magnetic field at the initial point and induces the magnetic storms, which is known as the initial phase of geomagnetic stormGMSs. ::: Do :::: you ::::: mean The sSecond one, when a magnetic storms gainreaches its peak value, which is called the main phase of the storm. :
? Figure 2 Figure 2 (a-b) for both cases. The correlation has been calculated for both cases G1 and G2, t. The highest correlation in the range Dst ≤ −50 nT is 0.22 for both G1 and G2. According to previous studieds, the strength of the geomagnetic stormGMS is strongly depends on the southward component B z . But in the present study, the correlation coefficient has been found to be low, where r = 0.22 in the first two cases. It is concluded that in the present study, the solar wind's southward turning of B z has significant growth, mainly, after the initial phase and before the main phase of a geomagnetic stormGMS, but not during the main phase, which areis tested here. ::: Do ::: you ::::: mean AThe absence of a highly linear correlation between B z and Dst during the main phase as well as the initial phase, does not mean that the solar wind southward turning of the B z component is not a geo-effective parameter. : ? It is observed from the first two cases, the that a time delay has been found between the Dst minimum and the southward B z maximum. The cCorrelation is weak due to the time delay. It has been observed that thea weaker magnetic reconnection also occurred weaker with a northward orientation of the B z , g. Generally, moderate storms are produced due to the northward turning of B z . ::: Do ::: you ::::: mean : It is clearly seen from Figure 2 (a, -b) that the regression lines grownshow a positive relation towards thea higher value of the southwards turning of B z , t. Then regression relation has been calculated for both conditions, as given below : ? It is also noteworthy that in Figure 2 (a,-b) the southwards direction of B z is more dependable than the northward B z for the initial and main phases. Figure 2(a-b) , the regression line indicates that the southwards component plays an important role in geomagnetic stormGMSs. In order to solve this problem, we have taken the maximum value of southward directed B z with respect to the Dst, as shown in Figure 2 (c). The correlation coefficient has been found to be reasonably high,; as shown in Table 2 , the value of r is 0.82. Hence, the correlation indicates a fairly good relationship between Dst and the southward directed B z of IMF for the G3 condition. Thus, the magnitude of the magnetic field and its duration play very important roles in the generation of a magnetic storm. Therefore, the orientation of the IMF carried by the solar wind plays an important role in geomagnetic activity. It is well established that the southward B z component of the IMF has the most important influence on the magnetosphere and the high latitude ionosphere as it controls the fraction of energy in the solar wind, which is extracted by the magnetosphere. When the southward B z is strongly negative, then the magnetic reconnection between the IMF and the geomagnetic field produces open field lines whichthat allow mass, energy and momentum to be transferred from the solar wind to the eEarth's magnetosphere. :: Do :::: you ::::: mean Gonzalez et al. (1994) , and Gonzalez et al. (1999) have also suggested that the primary causes of magnetic storms are intense (> 10 nT) and long duration (> 3h) conditions for a southward IMF. : ? Therefore, it is convenient to suggest that the southward IMF is an essential interplanetary requirement needed to activate the magnetic reconnection.
In the present study, it is observed that the southward B z -component of the IMF is an important factor for geomagnetic stormGMSs during cycle-23. ButHowever, it is also observed that sometimes northward B z components are also responsible for moderate storms. Accordingly, the intensity of storms depends on the magnitude of southward B z . :: Do :::: you :::: mean : The intensity of storms will be as higher aswhen the negative southward B z is directed more southward. : ? It has been observed that in the present study, the magnitude of B z is neither maximum during the initial phase (at the instant of IP shock) nor during the main phase (at the instant of Dst minimum). It has been seen in this study that there is a time delay between the maximum value of southward B z and the Dst minimum and, further, that this time delay can be used in the prediction of the intensity of a magnetic storm, two-three hours in advance toof the main phase of a geomagnetic stormGMS. A linear relationship havehas been derived between the maximum value of the southward directed B z and the Dst for prediction, which is given asby Dst = (−0.06) + (7.65)B z . Recent observations show that the steady stream of solar particles and energy from the sSun, known as the solar wind, can enter the magnetosphere more easily than previously thought. In general, the solar wind's ability to penetrate into near eEarth space is thought to rely on the magnetic alignment of the IMF. As the solar wind streams from the sSun toward the day side of eEarth, its magnetic fields connect up to those of eEarth, resulting in a sudden and dramatic reconfiguration or reconnection of the field lines. This is most efficient when the IMF is aligned southward -opposite to the northward alignment of eEarth's magnetic field. The temporary tangling of the field lines creates ideal conditions for magnetic reconnection, allowing large amounts of plasma and magnetic energy to be transferred from the solar wind to the magnetosphere. Magnetic reconnection also occurs more weakly with a northward orientation of the IMF, which is generally, only seen at higher latitudes. Spacecraft observations have indicated that Kelvin-Helmholtz waves may play an important role in the transfer of solar wind material into the magnetosphere during a northward IMF -a hypothesis bolstered by the fact that the waves can facilitate magnetic reconnection. However, previous identification of Kelvin-Helmholtz waves during the northward IMF was limited to the low latitude flanks of the magnetosphere. These new observations have shown that there are numerous regions of transient formation, which enables the continuous reconnection process. This can also sometimes may occur in the absence of any strong solar feature too. The team of scientists offrom the CLUSTER mission has now directly observed these Kelvin-Helmholtz waves at high latitudes under other orientations of the IMF (Hwang et al. 2012) . :: Do :::: you :::: mean : Instead of pointing north or south, the IMF was pointing west, down towards the down side of eEarth. : ? Under these conditions, the CLUSTER data showed the waves on the dusk side of the high-latitude magnetopause. The magnetopause is the boundary between the relatively undisturbed magnetosphere and the magnetosheath, the region containing solar wind plasma that has come across the bow shock that protects eEarth from the direct onslaught of solar wind plasma. These scientists were also able to characterize how differences in IMF orientation greatly influenced the Kelvin-Helmholtz waves because of variations in the thickness and other characteristics of the boundary layer (Hwang et al. 2012) . you ::::: mean : the geomagnetic activity is much more intense around fallthe autumnal equinox when the direction of the IMF is away from the Sun, whileand it is also much more intense around the vernalspring equinox when the direction of the IMF is toward the Sun. : ?
In order to solve this problem, a statistical analysis is performed has been adopted, the result of which is plotted in Figure 3(a-c) . It shows the Dst and the corresponding value of the y-component of IMF B y (east-west direction) for all three predefined conditions G1, G2 and G3. CThe correlation is found to be very poor for both G1 and G2 conditions. It is very clear from these figures that during IP shock and the main phase, the east ward and west ward components of the IMF are less geo-effective. According to new experimental findings, the B y may also be the cause of geomagnetic stormGMSs and hence we have calculated the value of the B y maximum with the Dst minimum during the storms. Figure 3 (c) presents the B y of the IMF (maximum peak of B y for all 200 events) versus the Dst minimum. In this figure, the observed correlation is low between B y and Dst has been seen low in the G3 case, i.e., the strength of the geomagnetic stormGMS is not strongly dependent strongly on the B y . ? When this southward component of the IMF reconnects with the northward directed geomagnetic field at the day side of the magnetopause, the energy is transported from the solar wind into the magnetosphere. ButHowever, the present statistical analysis shows that the B y components of the IMF isare also an important parameter for energy transportation from the solar wind to the magnetosphere. For predictiong of geomagnetic stormGMSs or the strength of storms we derived a linear relation between the maximum value of B y and the Dst, as given below Dst = (−0.25) + (−5.76)B y .
Speed of Solar Wind (V ) Vs Dst
The solar-terrestrial relationship includes the effect of solar output and its variations. It also includes propagation effects in the interplanetaryIP medium, which ultimately produces disturbances in the geomagnetic field. As such, the near-eEarth interplanetaryIP plasma and fields are expected to have a direct relationship with geomagnetic disturbance indices. In-situIn situ measurements of the IMF and solar wind parameters began in late 1962 and now cover more than four solar cycles by (Dwivedi et al. 2010 ). The observations have helped in establishing several useful statistical relationships between the indices of geomagnetic activity and the causative parameters including solar wind speed (V ) (Snyder et al. 1963) . The data have also been examined for their long-term variability in terms of the eleven-year solar cycle component (Feldman et al. 1978; King 1979; Bieber et al. 1993) . From early observations of the solar wind bulk speed, Snyder et al. (1963) were able to establish its close correlation with the geomagnetic disturbance index Kp. Crooker et al. (1977) showed that when longterm averages (covering a duration of 6six months or more) are considered, the correlation between geomagnetic activity and the solar wind speed is indeed very striking. Soon after the data for solar wind parameters werebecame available, Snyder et al. (1963) reported a good correlation between the solar wind velocity (V ) and the geomagnetic index Kp. Possible interplanetaryIP mechanisms for the creation of very intense geomagnetic stormGMSs are discussed in detail by Gonzalez et al. (1999) 20, 21 and 22 (1964-1995) , Kane (1997) has found that the correlation between solar wind velocity and aa index (similar to Ap index) is +0.91±0.02 for cycle 20, and +0.77±0.04 for cycle 21, andbut only +0.73±0.04 for cycle 22 (a decreasing trend), indicating that some other factors are needed for a betterto adequately describe the relationship with the aa or Ap indexindices.?
WithThrough the above discussion, we have concluded that the correlation between V and magnetic indices like Kp and Ap are very good for intense geomagnetic stormGMSs. ::: Do ::: you ::::: mean : But in the present study, we have takenconsidered the correlation between speed V and Dst indices for Dst ≤ −50 nT during the cycle-23.? Figure 4 (a-c) shows Dst and the corresponding value of the speed of solar wind plasma atin three different situations: (i) at the instant of IP shock, (ii) at the instant of Dst minimum, and (iii) the maximum value of solar wind speed V for all 200 events during geomagnetic stormGMSs.
The correlations have been calculated for three different situations (G1, G2 and G3) and are shown in Figure 4 −383) are removed, the scatter is small and most points lie near a fixedsmall area ofrepresenting a range of speeds range and saturated onare concentrated near the average value, with a wide range of velocities varying between 400 and 900 km s −1 . : ? The more intense geomagnetic stormGMSs are not associated with large values of solar wind velocities. The correlations for all selected ranges were below 0.50. According to Kane (1997) ? A linear relation between the maximum value of solar wind speed V and the Dst has been derived as Dst = (−0.002) + (−0.18)V .
Electric Field (E y ) vs. Dst
In their study, Dwivedi et al. (2010) in their study obtained thecalculated statistical results over a long period of time, which manifestdemonstrate that the most effective parameter for producing the large-scale geomagnetic disturbances is the total interplanetaryIP electric field or, in other words, it is the product of V and B during the years 1965-2007. The statistical analysis has been carried out by Dwivedi et al. (2010) has obtainedconcluded that V B is the most effective parameter in producing the large scale disturbances in the geomagnetic field. :: Do :::: you ::::: mean : HeThey observed that neither V nor B is significantlyvery effective in induction ofinducing geomagnetic disturbances; rather, it is the combined effects of B and V together, which are quiterather effective in producing largescale geomagnetic disturbances. In aA statistical study, (Yue & Zong 2011 )Yue & Zong (2011 have illustrateddemonstrated that a perpendicular shock would result in more intense geomagnetic activity than a parallel one, because of thea perpendicular shock front could compress the interplanetary magnetic fieldIMF more effectively than thea parallel one. : ? The result shows that there are 74% of intense (Dst ≤ −100 nT) and 69% of super (Dst ≤ −200 nT) geomagnetic stormGMSs are related to a negative IMF B z pre-condition. ::: Do ::: you ::::: mean : To confirm this result, the possibility of using miningmodern techniques of direct data analysis is being explored.? Figure 5 (a-c) shows Dst and the corresponding value of E y for three different situations: (i) at the instant of the IP shock (ii) at the instant of the Dst minimum, and (iii) the maximum value of E y for all 200 events during geomagnetic stormGMSs. ::: Do ::: you ::::: mean : From the critical observations ofshown in Figure 4 (Cc), it iscan be inferred that there is some saturation effect of fast solar wind on geomagnetic stormGMSs (Dst is not keeping up with larger solar wind speeds). : ?
But alsoHowever, the product of V and B z is also an effective parameter to initiate the geomagnetic stormGMSs. PThe product of V and B z gives the electric current E y = −V × B z :::::
Please :::::: author ::::: check :::: this!. We have analyzed the effect of E y on geomagnetic stormGMSs. The correlations for the first two cases (G1 and G2) are shown in Figure 5(a,-b) . The highest correlation is -0.16 for G1 and -0.38 for G2. The regression equation is shown by a solid line. for G1 and Dst = (−0.34) + (−16.28)E y for G2. : ? Figure 5 (c) presents the maximum value of E y versus the Dst minimum. A linear relation between E y and Dst can be seen in the case of G3, i.e., the strength of the geomagnetic stormGMS is strongly dependent on E y . The correlation coefficient is reasonably high, i.e., -0.86, when solar wind flows within the interplanetaryIP medium.
First, we will discuss about G1 and G2,. Figure 5 (a-b) shows plots of Dst vs. E y for hourly average values during 1996-2007 for cases G1 and G2 cases. The scatter is moderate in both cases and correlation coefficients are low in both cases, therefore, results don'tdo not agree with the previous result in which they have taken only the southward turning of B z is taken into account. In particular, the significance of V × B z :::::: Please :::::: Author ::::: check :::: this! only takes into account only the reconnection for negative B z of IMF. Correlations are found to be low, similarly like to the B z -component of IMF, because in these figures, we have taken both positive and negative B z (the southward direction as well as the northward direction). It is shown in the figures that geomagnetic stormGMSs occurred due to both the southward and northward direction of B z but the regression line shows that the highly intense geomagnetic stormGMS occurred due to the southward direction of B z . Only moderated storms occurred due to the northward direction of B z . ::: Do ::: you ::::: mean : Furthermore, Figure 5 (c) shows that, it has taken the Dst minimum corresponds to the maximum peak of E y with the southwards B z component of only the IMF only to be corresponding to Dst minimum. :
? The correlation between E y and the Dst maximum is found to be -0.86.
The correlations were also calculated for different Dst ranges (50-100, 100-200, 200-300 and ≥ 300) and are plotted in Figure 5 (c). The correlation for all selected ranges was also considered. The range -100 ≤ Dst ≤ -50 has the highest correlation of -0.56, and for range -200 ≤ Dst ≤ -100 has the highest correlation of -0.58 and for range -300 ≤ Dst ≤ -200 has the highest correlation of 0.05 while Dst ≤ -300nT has the highest correlation of 0.85. The overall correlation has increased to 0.86 for Dst ≤ -50nT. Thus, not only V but the product of V B z :::::: Please ::::::::: AUTHOR :::: note ::::: here! is a better representative of the Dst. In this study, it is observed that E y is also an important factor for geomagnetic stormGMSs as a southward B z component of IMF. It is further observed that the magnitude of E y is neither maximum during the initial phase nor during the main phase, therefore, there is a phase difference between the peak value of E y and the Dst minimum. It is also observed that the peak of E y has been raised before the main phase of GMSs, similar, like to the southwards B z . This time delay can be used in the prediction of the strength of geomagnetic stormGMSs, twothree hours before the main phase of geomagnetic stormGMSs. :: Do :::: you ::::: mean In the present study, we, found a linear relation with E y so we calculated the equation for the linear regression line equation fordescribing Dst which is given as Dst = (−0.57) + (1.04)E y . : ?
Pressure (nPa) vs. Dst
On the basis ofBased on the size of the eEarth's magnetosphere and the observed case with whichwhere its magnetopause is pushed inward and outward by changing solar wind conditions, it has been suggested that dynamic pressure is the main solar wind driver, rather than the orientation of the interplanetary magnetic fieldIMF (Southwood & Kivelson 2001; Cowley & Bunce 2003 you ::::: mean The size of the terrestrial magnetosphere is determined by the balance between the solar wind dynamic pressure and the pressure exerted by the magnetosphere, principally in that of its magnetic field is responsible for the shape of the magnetosphere. : ? This drag is predominantly caused by the mechanism known as reconnection, in which the magnetic field of the solar wind is linkeds with to the magnetic field of the magnetosphere. It has beenis well known that the Dst index is proved to be sensitive to the solar wind dynamic pressure variations, t. The present corrected Dst index is the pressure-corrected Dst index, which is corrected by removing the effects of the solar wind pressure and the quiet time ring current.
WhHere Dst* is the corrected Dst index, and P is the solar wind dynamic pressure.
:::
Do ::: you ::::: mean : The southward IMF precondition and intensified southward MF within the shock /sheath region, together with shocked solar wind, would produce a larger ring current injection function Q(V B s ), and Tthus a larger geomagnetic stormGMS (Dst index) according to the Burton equations (Burton et al. 1975) :
WhHere B s is the southward IMF, V is the solar wind velocity and t(V B s ) is the timescale of the ring current.
To study the effect of dynamic pressure on geomagnetic stormGMSs, we have taken three situations which are depicted in Figure 6(a-c) . Figure 6 (a-c) shows the Dst and the corresponding value of solar wind pressure for three different situations defined earlier. Figure 6 CONS shows the Dst and the corresponding values of dynamic pressure. It is noted that the scatter is small in fFigures 6 (a, b), whileand most of the points lies near the regression line. Correlations for the first two cases (G1, G2) have been calculated and are shown in Figures 6(a,-b) . The highest correlation is -0.30 for G1 and -0.48 for G2 and the regression equation is shown by the solid line. of pressure vs. Dst minimum during the storms. Figure 6 (c) presents the interplanetaryIP magnetic pressure versus the Dst minimum. In this figure, a linear correlation between Pressure (nPa) and Dst can be seen for the G3 case, T; the correlation coefficient has been found to be good, i. It is -0.50, i.e., the strength of the geomagnetic stormGMS is strongly dependent on the pressure. For the prediction, we derived a linear relation between the maximum value of solar wind pressure (nPa) and Dst asto be Dst = (−0.15) + (−7.0)P .
::
Do :::: you ::::: mean Several combinations were tried in order to ascertain the dependence of the geomagnetic indices on the parameters of solar wind in the interplanetaryIP medium during events in solar cycle-23 events. : ? One isThe most promising candidate is found in the form of solar wind pressure. Figure 6 shows the dependency of the Dst on the solar wind pressure. In Figure 6 (c) shows the best-fit line, i.e., it indicates that most of the observations offrom cycle-23 indicatesfollow a linear relationship between Dst and the solar wind pressure (nPa).
3.7 Density vs. Dst Khabarova et al. (2006) proposed that the minimum Dst value during the main phase may be successfully derived from the maximum value of solar wind density before the onset of a storm onset, the minimum IMF B z value during the geomagnetic stormGMS, and the time lag between the density maximum and the B z minimum. ::: Do ::: you ::::: mean : Differencet tofrom the abovepreviously mentioned material, a simple conclusion could be of practical use in space weather forecasting, due to the report of. Using information about the solar wind information from the ACE spacecraft, it could be possible to estimate the strength of a geomagnetic stormGMS at least 1one hour in advance and to take necessary precautions. :
? Figure 7 (a-c) shows the Dst and the corresponding value of solar wind density in three predefined situations: (i) at the instant of the IP shock, (ii) at the instant of Dst minimum, and (iii) the maximum value of density during storms. It was noted that the scatter is very large in all three cases; but most points lie near the regression line. The correlation for cases (G1, G2) have been calculated and is shown in Figure 7 (a,-b). Figure 7(c) shows the proton density versus the Dst minimum (negative) for G3. No definite relationship between both parameters is found. It can be seen from this figure that the greater intensitiesy of geomagnetic stormGMSs are not necessarily associated with high values of solar wind density. This means that there is a high probability that the intensity of a geomagnetic stormGMS is not determined by the increased density. The correlation coefficient between both parameters is -0.31 for G3. A linear relation between the maximum value of Ddensity N and Dst is achieved asby Dst = (−0.12) + (−3.94)N . ::: Do ::: you :::::: mean It is clear from that the proton density is not a geoeffective parameter, but charged particles still enter into eEarth's atmosphere during the storm and produce substorms. : ?
Temperature vs. Dst
In addition, due to the academic interest thatin how the magnetized plasma behaves, whichit is important to study the solar wind's interaction with the magnetosphere?. This interaction controls space weather phenomena. The ability to develop an accurate space weather forecast depends very much on the forecaster having a good understanding of how the magnetosphere works, i.e., having a correct paradigm. Empiricism alone is unlikely to produce accurate predictive models. :: Do :::: you ::::
As weIt is known that during the solar activity, i.e., CMEs and solar flare eruptions process, hot plasma ejects from the sSun with a temperature of a million degrees Kelvin of temperature and flows into the IPinterplanetary medium in the form of solar wind, so it may be possible to relatione betweenthe solar wind temperature andto the Dst. : ? In order to understand this problem, we have plotted Figure 8 (a-c) 888888888 to show the Dst and the corresponding value of solar wind temperature in three different situations of GMSs: (i) at the instant of the IP shock, G1 (ii) at the instant of the Dst minimum, G2, and (iii) the maximum value of temperature during geomagnetic stormGMSs, G3.
Firstly, we discuss aboutthe two cases of G1 and G2; therefore, we have checked the temperature profile from the beginning to the peak of a storm. Figure 8(a,-b) shows the Dst and the corresponding value of temperature for G1 and G2. It wascan be noted that the scatter is very small; most points lie towards the low temperature range. The correlation coefficient for G1 and G2 has been calculated, and is reported in Table 2 . The highest correlation is as -0.251 for G1 and 0.009 for G2 and athe solid line in these figures showsplots the regression equation. The regression lineequation constructed using the plotteding points is Dst = (1.46) + (−1.84 × 10 −3 )T for G1 and Dst = (−0.53)+(−1.0948×10 −6 )T for G2. In both the cases, it hasis observed that the correlation is very poor between both parameters. Later we have taken the maximum values of the temperature during storms for the G3 condition, which are shown in Figure 8 (c). This and presentsshows the solar wind temperature versus the Dst minimum. In this figure, a correlation between temperature and Dst can be seen in the G3 case to be weak between the Pplasma temperature and the Dst, i.e., the solar wind temperature can have a large range but most of the event occurred at a temperature less than 0.5 million Kelvin (0.5 × 10 6 K). It is clearly seen in Figure 8 (c) that the intense and severe storms can be produced at a low plasma temperature. For predictiong thea storm, we have derived a linear relation between the maximum value of plasma temperature (T ) and the geomagnetic index Dst, which is given as Dst = (2.17) + (−0.1 × 10 −3 )T.
Plasma betaβ vs. Dst
The plasma betaβ is defined as the ratio between the thermal pressure and the magnetic pressure of the plasma, which is of the order of 0.0001-0.1. Within the sSun's interior, the value of plasma β >> 1, i.e., the thermal pressure of plasma is more dominating within the sSun's atmosphere but outside the sSun's atmosphere, in the interstellar medium plasma, β << 1, i.e., the magnetic pressure is more than the thermal pressure. Figure 9 (a-c) shows the Dst and the corresponding value of plasma β for three different situations: (i) at the instant of the IP shock, (ii) at the instant of Dst minimum, and (iii) the minimum value of plasma betaβ. Figure 9 (a-c) shows the Dst and the corresponding value of plasma β. It wascan be noted that the scatter is small in all three cases;, but most points lie near the low value of plasma β. The correlations for the first two cases (G1, G2) are 0.13 in G1 and 0.24 in G2 and the regression equation is shown by the solid line. :: Do :::: you ::::: mean : The regression lines are constructed using 200 points, and have equations Dst = (−0.28) + (−96.93)β for G1 and Dst = (−0.978) + (−63.96)β for G2. A wWeak correlation has been found in the first two cases, but it is very clear from the regression lines that intense storms occurred during conditions when low plasma betaβ conditionswas low. A negative correlation has been found with plasma β, i.e., most of the storms occurred during conditions when low plasma betaβ was low conditions. In this ordercase, we have taken the minimum value of plasma betaβ with respect to the Dst during the storms. : ? Figure 9 (c) depicts the plasma β versus the Dst minimum (negative) for G3. The correlation coefficient between both these parameters is 0.41 for G3. An ordinary correlation has been found. It can be seen that the geomagnetic stormGMSs ofwith a greater intensity are not necessarily associated with high values of plasma β. This means that there is a high probability that the intensity of a geomagnetic stormGMS is not determined by the increased plasma β. In general, geomagnetic stormGMSs occurred when the plasma β haswas low. We derived a linear relation between the minimum value of plasma β and the Dst which is given as Dst = (−0.27) + (−205.8)β. This result confirmed our earlier findings; southward B z is a possible cause of geomagnetic stormGMSs at low plasma temperature. It is also confirmed that the plasma β should be low during storm conditions. It is also good agreements with the Khabarova et al. (2006) study, according to which the value of plasma β is high before and after the storm.
CONCLUSIONS AND MODEL
In addition to finding out some conclusions, we have used solar and interplanetaryIP data. These analysisAnalyses and observations are presented in the present paper. ::: Do ::: you ::::: mean : Based on the analysis done in previous sections, we have summarized our important conclusions as follows:?
(1) It is observed that in the present study, the B total is reasonably high during the geomagnetic stormGMSs; therefore, we arehave found a linear relation between B total and the Dst. Therefore, B total is a good indicator of geomagnetic stormGMSs. (2) It is observed in the present study that the southward B z -component of the IMF is an important factor for geomagnetic stormGMSs during cycle-23. But in this study, it is also observed that sometimes northward B z components are also responsible for moderate storms. According to this study, the intensity of storms depends on the magnitude of southward B z . Therefore, the intensity of storms will be as higher as the negative southward B z is. And it is the result of the study is that the magnitude of B z is neither maximum neither during the initial phase (at the instant of the IP shock) nor during the main phase (at the instant of the Dst minimum). So, it is seen in this study that there is a time delay between the maximum value of the southward B z and the Dst minimum and this time delay can be used in the prediction of the intensity of a magnetic storm two-three hours before ofthe main phase of a geomagnetic stormGMS. A linear relation havehas been derived between the maximum value of the southward component of B z and Dst for prediction, which is Dst = (−0.06) + (7.65)B z . (3) When solar wind flows within the interplanetaryIP medium, it can interact with interplanetary magnetic fieldIMF structures and is controlled by the total magnetic field B total . It is generally consideredbelieved that the geomagnetic stormGMSs are triggered by B z , southward interplanetary magnetic fields (IMFs). When this southward component of the IMF reconnects with the northward directed geomagnetic field at the day side of the magnetopause, the energy is transported from the solar wind into the magnetosphere. ButHowever, the present statistical analysis shows that the B y components of the IMF is also an important parameter for energy transportation from the solar wind to the magnetosphere. (4) :: Do :::: you ::::: mean This indicates a reasonablevery fair relationship exists between the Dst and speed V for a moderate storm. Consequently, the present study does not agree with the previous results that there is a linear relation between the speed of solar wind and geomagnetic stormGMSs. In the present study, it has been seen that the speed of the solar wind is an important factor in the induction of a geomagnetic stormGMS but byfrom the present study, we can conclude that most of the storms are induced by solar wind with the average value of speed. In this study, it is observed that E y is also an important factor for geomagnetic stormGMSs during cycle-23 asin addition to the southward B z component of the IMF.? It is also observed that the magnitude of E y is maximum neither during the initial phase nor during the main phase; therefore, there is a phase difference between the peak value of E y and the Dst minimum. This time delay can be used in the prediction of the strength of geomagnetic stormGMSs, two-three hours before the main phase of a geomagnetic stormGMSs. And iIn the present study, we found a linear relation with E y , so we also calculated the linear lineregression equation also for Dst, which is Dst = (−0.57) + (1.04)E y . InThis study shows the best fit line, which is indicates that most of the observations from of cycle-23 indicatesshow a linear relationship ofbetween Dst and the solar wind pressure (nPa). : ? (7) It is clear from the above discussion that the proton density doesis not a geoeffective parameter, but that charged particles enter into eEarth's atmosphere during thea storm and produce substorms. (8) A wWeeak correlation has been found between Pplasma Ttemperature and Dst., i.e., Tthe solar wind temperature can have a large range but most of the events occurred at a temperature less than 0.5 million K (0.5 × 10 6 K). It is clearly in the present study, that the intense and severe storms can be produced at low Pplasma Ttemperature. (9) This thesis result confoirms our earlier finding, that the southward B z is a possible cause of geomagnetic stormGMS at low plasma temperature. It is also confirmsed that the plasma β should be low during storm conditions. It is also in good agreement with studies by Khabarova et al. studies, a According itto their work, the value of plasma β is high before and after a storm. (10) :: Do ::::: you ::::: mean : The current paradigm of solar wind geoeffectiveness is as follows: 'Ffor geomagnetic stormGMSs, the solar wind speed and the IMF intensity must be substantially higher than their 'average' values,; the field must also be southwardly directed for a substantial length of time, and temperature and plasma β should be low. : ?
Space Weather Prediction Model
Space weather prediction involves forecasting of the time of the commencement of a geomagnetic stormGMS, based on solar and interplanetaryIP observations. Most of the currently used prediction schemesmethods are based on the formula of Barton et al. (1975) Although the presently available prediction schemes accurately predict the Dst index of the geomagnetic stormGMS, their prior warnings are a few hours ahead of the commencement of the geomagnetic stormGMS. This is because they are based on in-situin situ properties of the solar wind that can be measured close to the Earth. ::: Do ::: you ::::: mean : For example, measurements from the ACE spacecraft measurements give about 30 to 60 minutes of warning time as it measures properties of the solar wind properties at the Lagrangian point L1 point. ButHowever, the main drawback of all existing models areis that they all model useare only used for intense and super intense storms, so no model areis available for all ranges of geomagnetic stormGMSs. : ? In the present thesis we have developed a model for the prediction of geomagnetic stormGMSs and their strength. With the help of this model we can predict all categories of geomagnetic stormGMSs. This model is based on the following facts.
-The total interplanetary magnetic fieldIMF B total can be used as an alarm offor geomagnetic stormGMSs, w. When there are sudden changes in total magnetic field B total , itthis is athe first alarmwarning that the on conditions are present for a storm's arrival. -It is observed in the present study that the southward B z -component of the IMF is an important factor for geomagnetic stormGMSs during cycle-23. And iIt is the result of thethis study that the magnitude of B z is maximum neither during the initial phase (at the instant of the IP shock) nor during the main phase (at the instant of Dst minimum). SoHence, it is seen in this study that there is a time delay between the maximum value of the southward B z and the Dst minimum and that this time delay can be used in the prediction of the intensity of a magnetic storm twothree hours before of the main phase of a geomagnetic stormGMS. A linear relation havehas been derived between the maximum value of the southward component of B z and the Dst for prediction, which is Dst = (−0.06) + (7.65)B z .
After testing this Equation (1), we have observed that the duration of the southward turning of B z is also an important factor for the induction of geomagnetic stormGMSs; then after including the time duration of the southward B z , this result becomes more accurate. So, after adding time t of the southward B z , the equation becomes like Dst = (−0.06) + (7.65)B z + t ,
where t is the time of the southward turning of B z . Some auxiliary conditions should be fulfilled with this equation,: the speed of the solar wind should be on average 350 km s −1 to 750 km s −1 , plasma betaβ should be low and most importantly, the plasma temperature should be low for intense storms. iIf the plasma temperature is less than 0.5×10 6 K then the Dst value will be greater than the predicted value of the Dst or if the temperature is greater than 0.5 × 10 6 K then the Dst value will be less (some nT) than the value predicted value by given by Equation (2).
